According to the tested antimicrobial activity of constituents and their chemical characteristics, a new formulation of oral antiseptic was made based on garlic bulb powder and its active principles with strong antimicrobial activity against a wide range of bacteria and fungi. The antimicrobial activity of garlic bulb powder, allicin and the lozenge with 15% of garlic powder was tested using broth microdilution method. The tested garlic powder, as well the lozenge, have shown very high antimicrobial activity with MIC 1.25-5.00 mg/ml, and 1.87-7.50 mg/ml, respectively. The major compound, allicin, was highly active at a very low concentration. The minimal inhibitory concentration of allicin was from 6.25-12.50 μg/ml for antibacterial activity and 0.4 μg/ml for antifungal activity. Those concentrations are comparable with concentrations of commercially available antibiotics and fungicides. The formulation of an antiseptic with herbal constituents, high antibacterial and antifungal activity and pleasant taste could be an alternative to classical pharmaceutical oral antiseptics.
The antimicrobial properties of garlic (Allium sativum, Liliaceae) have been shown in many studies against a broad range of Gram-positive and Gram-negative bacteria and fungi including highly multidrug-resistant pathogens. Alliin is the stable precursor and transformed to allicin in the presence of enzyme alliinase after the crushing the garlic clove. Allicin is very unstable and decomposes rapidly. In the degradation process of garlic bulb preparation, different compounds can be obtained depending on the environment in which the preparation exists. The antibacterial and antifungal activity was attributed to the major compound, allicin [1, 2] . The exact mechanism of antibacterial activity of allicin is probably due to the inhibition of sulfhydryl enzymes. Addition of thiols inhibits the antimicrobial activity of allicin [3] . Antifungal effects of allicin or garlic extracts were more pronounced against Candida albicans and Trychophyton sp. [4] [5] [6] , but significant activity was obtained against some other fungi, like Aspergillus, Penicillium, Fusarium and Trichoderma species [7, 8] . The most important is the high activity against some resistant bacteria (vancomycin-resistant enterococci, Staphylococcus sp., Mycobacterium sp. pylori) [3, 9, 10] . Also, the compounds from garlic possess antiviral and antiprotozoal activities [3, 11] .
Garlic is a food, as well as a medicine. The different extracts of Allium sativum can prevent platelet aggregation, possess hypotensive effect [12] , induce natriuretic and diuretic effect with prolonged hypotensive activity [13] , influence the level of cholesterol and triglycerides and be useful in prevention of dyslipidemia [14] . Also, the constituents of garlic bulb can modulate immune system and possess antioxidant and anticancer properties showed in vitro [15--17] .
Our research was based firstly to develop a new method for the production of stabile Allium sativum bulb powder, to evaluate its antimicrobial activity and then to prepare a lozenge with antiseptic properties. According to our previous results, the most stable garlic product was obtained after water extraction of garlic bulb powder. The percentage of allicin was the same as in fresh garlic bulb, and stable for 18 months when stored at 0 °C [18] . Our recent paper showed that pure allicin and allicin incorporated in gel exhibited significant antimicrobial activity against five microorganisms using the disc diffusion method [19] . In this study, the antimicrobial activity of garlic bulb powder, its major compound allicin obtained by synthesis and a lozenge prepared with garlic bulb powder was tested against a broad range of bacteria and fungi using broth microdillution method.
EXPERIMENTAL
Garlic bulb powder (Allii sativi bulbi pulvis, Allium sativum L., Liliaceae) was prepared according to the method given by Nikolić et al. [18] . Briefly, the freshly powdered garlic bulb was extracted using water, and after filtration, the residue was dried and used for preparation of the lozenge. The lozenge with garlic bulb powder (15%), sorbitol, PVP K-30 and Mg stearate were made using wet granulation method in fluidized layer. Allicin, the major active compound in garlic, was obtained by synthesis [20] . The content of allicin was determined at the beginning of the study in garlic bulb powder, as well in the lozenge. The analytical method from Ph. Eur. 6.0 was suitable for determination of allicin in garlic bulb powder extract, as well in lozenge [21] . Menthol was obtained from Sigma-Aldrich.
Antimicrobial activity
The antimicrobial activity of garlic bulb powder, its major compound allicin and a lozenge prepared with garlic bulb powder was tested against Gram-positive and Gram-negative bacteria and fungi using the broth microdilution method.
The antimicrobial activity of garlic powder, allicin and lozenge was evaluated in vitro using six different laboratory control strains of bacteria -Gram-positive: Staphylococcus aureus (ATCC 25923), Micrococcus flavus (ATCC 10240), Еnterococcus faecalis (ATCC 29212), Bacillus subtilis (ATCC 6633) and Gram-negative: Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), and yeast Candida albicans (ATCC 10231). Microorganisms were provided by the Institute for Immunology and Virology, Torlak, Belgrade. A broth microdilution method was used to determine minimal inhibitory concentration (MIC) of extracts according to Clinical and Laboratory Standards Institute [22] .
All tests were performed in Müller Hinton broth for bacterial strains and in Sabouraud dextrose broth for Candida albicans. Overnight broth cultures of each strain were prepared and the final concentration in each well was adjusted to 2×10 6 CFU/ml for bacteria and 2×10
5 CFU/ml for yeasts. Minimum inhibitory concentrations (MICs) determination was performed by a serial dilution technique using 96-well microtitre plates. The investigated compounds (allicin and menthol) were dissolved in DMSO/H 2 O = 50:50 (1 mg/ml), the garlic powder dissolved in DMSO/H 2 O = 50:50 (10 mg/ml) and a lozenge in water (15 mg/ml), and added in broth medium with inoculum. In the tests, triphenyl tetrazolium chloride (TTC) (Aldrich Chemical Company Inc., USA) was also added to the culture medium as a growth indicator. The final concentration of TTC after inoculation was 0.05%. The microbial growth was determined by absorbance at 600 nm using universal microplate reader after incubation at 37 °C for 24 h for bacteria, and at 25 °C for 48 h for fungi. The MIC is defined as the lowest concentration of the compound at which the microorganism does not demonstrate visible growth.
DMSO/H 2 O and water were used as a negative control and amikacin, ampicillin and nystatin were used as positive controls (0.1-5 μl/ml). All determinations were performed in duplicate and two positive growth controls were included.
RESULTS AND DISCUSSION
The antimicrobial activity of garlic bulb powder, allicin and the lozenge with 15% of garlic powder was tested using the broth microdilution method. The average percentage of allicin in the garlic bulb powder at the beginning of experiment was 2.7±0.02%, determinated by HPLC method in Ph. Eur. 6.0 monograph for Allii sativi bulbi pulvis. The average quantity of allicin in one lozenge was 0.0010±0.0005 g.
The results are given in Table 1 . The tested garlic bulb powder, as well the lozenge, have shown very high antimicrobial activity with MIC 1.25-5.00 mg/ml, and 1.87-7.50 mg/ml, respectively. Garlic powder was especially active against C. albicans (MIC 1.25 mg/ml), while lozenge has shown high activity against E. faecalis and B. subtilis with MIC 1.87 mg/ml, as well against C. albicans (MIC 7.50 mg/ml). The major compound allicin was highly active in very low concentration. Minimum inhibitory concentration of allicin was from 6.25-12.50 μg/ml for antibacterial activity and 0.40 μg/ml for antifungal activity. Those concentrations are comparable with concentrations of commercially available antibiotics and fungicides. Menthol, used to adjust taste and smell, partly influenced the antimicrobial activity, because much higher concentrations were needed to inhibit the growth of tested microorganisms (MIC 9.70--312.50 μg/ml) compared to allicin, except in cases of E. faecalis and B. subtilis where garlic extract exhibited lower activity then lozenge.
Our results are in accordance with previous studies of antimicrobial activity of allicin, as well of garlic extract, and confirm the major role of allicin in antimicrobial activity. A very important finding was the high activity of the lozenge against C. albicans, a very common cause of oral cavity infection. The formulated antiseptic product was characterized by the state of solid solution where the active compounds were molecularly dispersed in polymer matrix (sorbitol) with good solubility in water and with large specific area. The good solubility and large specific area are important for good releasing of active principles from garlic powder (allicin). Besides the high antimicrobial activity, lozenge possess pleasant taste and refreshing breath properties, so could be used as natural antiseptic in prevention and treatment of infections of oral and throat mucosa.
CONCLUSION
A new formulation of oral antiseptic was made based on garlic bulb powder and its active principles with strong antimicrobial activity against wide range of Gram-positive and Gram-negative bacteria and yeast -C. albicans. The antimicrobial activity of garlic bulb powder, allicin and the lozenge with 15% of garlic powder was tested using the broth microdilution method. The tested garlic powder, as well the lozenge, have shown very high antimicrobial activity, due to the presence of major compound allicin with high activity at a very low concentration. The minimal inhibitory concentration of allicin was from 6.25-12.50 μg/ml against bacteria and 0.40 μg/ml against C. albicans. Menthol, which was used to correct smell and taste, also possessed high antimicrobial activity, but lower than allicin. The higher antimicrobial activity then garlic powder was obtained against E. faecalis and B. subtilis, so the activity of the lozenge against those two bacteria was probably due to the presence of menthol.
Because of high antimicrobial activity and good solubility, new formulation of lozenge could be used as natural antiseptic in prevention and treating of infections of oral and throat mucosa. Also, lozenges with menthol possess pleasant taste and refreshing breath properties which is important because of presence of sulphur-containing compounds from garlic. The formulation of an antiseptic with herbal constituents and high antibacterial and antifungal activity could be an alternative to commercial oral antiseptics. 
